Lysaketotriol (1) and lysaketodiol (2), along with two previously known polyhydroxylated steroidal sulfates (3, 4), were isolated from the ethanolic extract of ambulakrums separated from the arms of the starfish Lysastrosoma anthosticta (Sea of Japan). The chemical structures have been elucidated using 1D and 2D NMR spectroscopy ( 1 H, 13 C, DEPT, COSY-45, HSQC and HMBC) and mass spectrometry. Compound 1 produced moderate stimulation of lysosomal activity in mouse splenocytes and compounds 1-2 showed immunomodulatory activity.
Polar
steroids are secondary metabolites characteristic of sea stars and starfish (class Asteroidea, phylum Echinodermata) [1, 2] . However, the distribution of these compounds in body parts and organs of the animals has only been studied occasionally [3] [4] [5] . In particular, the steroids from the hollow tube feet (ambulakrums) of the starfish and other echinoderms have not been previously identified.
The ethanolic extract of ambulakrums of the starfish L. anthosticta was treated according to the previously described procedures [6] , including chromatography on Teflone powder (Polychrome-1, Russia), silica gel, Florisil, and Sephadex LH-60, to give several fractions containing steroidal compounds. Subsequent HPLC on columns of Diaspher-110-C 18 , Zorbax Bonus-RP and YMC-Pack ODS-A sorbents resulted in the isolation of two new (1-2) and two known steroidal compounds (3) (4) . Structural identification of the isolated substances was carried out using spectroscopic methods, mainly [NMR, (─)HR ESIMS, (─)ESIMS/MS] ( Table 1) .
The 13 C NMR and DEPT spectra of lysaketotriol (1) showed the presence of 27 carbon atoms, including 5 methyls, 9 methylenes, 7 methines (2 bearing oxygen), 1 carbonyl, 2 olefinic and 3 quaternary These sequences are marked in boldface type in the formula of 1. HMBC correlations of methyl groups CH 3 -18, -19 and -21 also confirmed the structure of the steroidal nucleus of 1 ( Table 1 ).
The elucidation of the side chain structure of 1 was based on the following information. The location of the tertiary hydroxyl group at C-25 was established by HMBC correlations of 6H-26,27 to a quaternary carbon at δ 70.8 (C-25) and to methylene carbon C-24 (δ 55.8). The chemical shifts of C-22 (δ 52.7) and C-24 (δ 55.8), and the multiplicity of the corresponding protons and their HMBC correlations (Table 1) showed the presence of a C-23 oxo-group. The R configuration was assigned to the asymmetric center C-20 based on the chemical shift of 3H-21 (δ 0.92) [6] . These results, along with the mass spectral data allowed the conclusion to be made that lysaketotriol 1 is the sodium salt of (20R)-6α,25dihydroxy-23-oxo-cholesta-9(11)-ene-3β-yl sulfate. 1) . These results allowed the establishment of structure 2 as the sodium salt of (20R)-6α-hydroxy-23-oxo-25,26,27tri-nor-cholesta-9(11)-ene-3β-yl sulfate.
Earlier, this type of side chain structure was known only for the C-24 genin 2a, an artificial product isolated as a result of acid hydrolysis of asterosaponins from the starfish Marthasterias glacialis [8] . To confirm the structure of 2 by chemical correlation, solvolysis of 2 in dioxane/pyridine was carried out. It gave the desulfated derivative, which was identical (comparision of TLC behavior and 1 H NMR spectra) to the known 2a.
Compounds 3 and 4 were identified as the known marthasterone and dihydromarthasterone sulfates by comparison of their spectral data ( 1 H and 13 C NMR, MS) and optical rotation values with those previously reported by us from the total body of L. anthosticta [7] .
Thus, we have isolated four sulfated steroid polyols (1-4) from ambulacral feet of the starfish L. anthosticta. These compounds are genuine aglycones of the so-called asterosaponins, which are widespread in different species of starfish. Asterosaponins are known to possess hemolytic properties and contain, as a rule, a steroid aglycon with 3β,6α-diol, 9(11)-double bond and 23-carbonyl groups [1] . In asterosaponins, oligosacharide chains are attached to C-6, and a hydroxy group at C-3 is sulfated. The genuine aglycones of these glycosides, which are the monosulfates of the corresponding steroid diols, were prepared by either mild acid or enzymatic hydrolysis of asterosaponins. Smith [9] suggested that 25-hydroxy-23-oxocholestane sulfates, such as 1, are precursors of artificial genins, namely marthasterone sulfate (3) and a C 24 -sapogenin (2a), which could have originated from 1 by dehydratation and retro-aldol cleavage and desulfation, respectively Although some genuine aglycones, including sulfated thornasterol [10] , marthasterone, dihydromarthasterone [7] , asterone and aphelaketotriol [10] have been found in extracts of different species of starfishes, compounds 1 and 2 were isolated for the first time.
Compounds 1 and 2 were non-cytotoxic in the concentration range of 0.1-100 μg/mL. Compound 1 was shown to increase lysosomal activity in mouse splenocytes by up to 25-30% at a maximal concentration of 6.25 μg/mL. The increase of ROS formation in mouse macrophages by up to 50% and 20% was observed in response to application of compounds 1 and 2 at concentrations of 6.25 and 12.5-50 μg/mL, respectively. 1 
Expermental

General experimental procedures:
Extraction and isolation of total fractions:
The ambulakrums of L. anthosticta. (0.08 kg) were milled and exhaustively extracted with 95% ethanol at room temperature for 30 days. The combined ethanolic extracts were concentrated in vacuo to give a crude oily residue, which was chromatographed on a column (6 x 25 cm) of silica gel (80-100 mesh) using chloroform-methanol (75 : 25 → 50 : 50). Two crude fractions containing polyhydroxysteroids were eluted as the polarity of the eluent was increased. The less polar fraction I (25 g) contained the known sulfates 3, 4 and a new steroid (2) , and the more polar fraction II (8 g) contained 1.
Isolation of steroid derivatives 1 -4:
Fraction I was dissolved in water and passed through a column (3 x 12 cm) of Polychrom, followed by elution with water and 50% aqueous ethanol. The aqueousethanol eluate was concentrated in vacuo to a brown resinous residue (11g), which was successively chromatographed on a Florisil column (1.5x 20 cm, 200-300 mesh) using CHCl 3 ─EtOH (9 : 1 → 6 : 4). The resulting fractions were rechromatographed on silica gel (1.3 x 15) in CHCl 3 ─EtOH (7.5 : 1 → 7 : 3). The fraction containing steroids 3, 4, with small impurities (13.2 mg), was purified by HPLC on a Diaspher-110-C18 column using MeOH-H 2 O (75 : 25). The fraction, containing lysaketodiol, was purified on a column of Zorbax Bonus-RP to obtain 4.1 mg of 2. Steroids 3 and 4 were rechromatographed by HPLC using the same system on a column of YMC-Pack ODS-A; yields of marthasterone and dihydromarthasterone sulfates (3 and 4) were 4.2 and 5.1 mg, respectively.
Fraction II (8 g) was passed through a Polychrom column followed by a column of Florisil using CHCl 3 ─EtOH (6 : 4 → 1 : 9). Following this, the fraction was chromatographed on a YMC-Pack ODS-A column using EtOH ─ H 2 O (43 : 57). Lysaketotriol 1 was obtained in a yield of 2.4 mg.
Solvolysis of 2:
A solution of compound 2 (2.5 mg) in 2 mL of dioxane/pyridine (1:1) was heated at 100 o C for 1h. The reaction mixture was evaporated under reduced pressure and chromatographed on a Si gel column (1.2 x 4 cm) using CHCl 3 -MeOH (8:1) to give 1.2 mg of 2a, which was found to be identical ( 1 H NMR, TLC) to the known C-24 genin (2a) [9] .
Bioassays
Mouse lymphocytes (splenocytes):
These were obtained from a mouse spleen. For this purpose a spleen was isolated and cut into small-sized slices in PBS (pH 7.4), and then pressed through nylon gauze (280 mesh). The obtained suspension was washed twice in PBS by centrifugation (2000 rpm, 10 min). The final concentration of cells in the incubation medium was 2-5 x10 6 cells/mL.
Mouse macrophages:
These were obtained from the peritoneal liquid of mice. The mice were killed by perivisceral dislocation. PBS (pH 7.4; 1 mL) was immediately injected into the peritoneal cavity and intensively palpated for 1-2 min. Then the peritoneal liquid was aspirated with a syringe and transferred to plastic Petri dishes, which were incubated at 37ºC for 1 h until full attachment of the peritoneal macrophages to the dish bottom. Then the cell monolayer was triply flushed with PBS (pH 7.4) to remove attendant lymphocytes, fibroblasts and erythrocytes. Further cells were removed from the surface of the dishes with a scraper and a flow of saline solution. The dishes were then placed on an ice bath until further use. The working concentration of cells was usually 2-5 x10 6 cells / mL.
Cytotoxic activity determination:
A suspension of mouse splenocytes (200 μL) was placed in the wells of a 96-well microplate, which included 20 μL of the solutions under test . The incubation was conducted within 1 h at 37ºC. Then, 10 μL DMSO solution of fluorescein diacetate (final concentration 50 μg/mL) was added to each well and the microplate was incubated for an additional 15 min at 37ºC. The intensity of the fluorescein fluorescence was measured at λex = 485 nm, λem = 518 nm.
Determination of ROS formation ("oxidative burst"):
A suspension of mouse splenocytes (200 mL) was placed in wells of a 96-well microplate, which included 20 μL of the solutions under test. The incubation was conducted within 1 h at 37ºC. Then, 20 μL of DMSO solution of dichlorofluorescein diacetate (final concentration 10 μM) was added to each well and the microplate was incubated for an additional 10 min at 37ºC. The intensity of the
